Objective-To determine the eYciency of the major bibliographic databases by assessing the percentage of references among the total literature available that can be retrieved from each database. We also evaluated the best database combinations to carry out an exhaustive search. Methods-BIOSIS, EMBASE, MEDLINE, NIOSH-TIC, and TOXLINE were searched on two topics: allergy to latex and asbestos and mesothelioma, in the title, abstract, or keywords (textwords). This search was performed for the years 1994 and 1995. All the records were classified by journal and author's name and were verified for each record whether or not it was indexed in each database. Statistical analysis was performed with 2 test. Results-777 articles in 510 issues were found. The eYciency of each database (percentage of articles recovered) and of combinations varied between 11% and 63% for one database and between 42% and 86% for a combination of two databases. The reasons why these diVerences exist between databases, and within a database, between two diVerent subjects or two diVerent years are reported. Conclusion-Firstly, it is not advisable to assert that a bibliography is complete when only one database is searched. Secondly, the eYciency of the databases may be quite diVerent. Finally, it is suggested that the best way to be as exhaustive as possible is to search two or more databases-for example, in EM-BASE and TOXLINE, or to a lesser extent EMBASE and MEDLINE. This seems to be the best compromise solution between time consumed for searching and eYciency. (Occup Environ Med 1998;55:562-566) 
The field of toxicology is vast as it covers numerous diVerent topics-such as drugs, industrial or domestic products, environmental pollutants, and animal or plant toxins. Specialists in occupational and environmental health can be confronted with all of these types of agents and therefore they must be able to retrieve specific information. This information can be found in books, grey literature, and periodicals which are indexed in bibliographic databases. The tremendous growth of medical literature has led to the extensive development of these databases, with CD-ROM and on line automated retrieval systems available since the mid-1980s. 1 The database searches can be made by using keywords to find the information needed, in a minimum amount of time and with a minimum of irrelevant references. However, each database does not index all the existing literature and there are great diVerences in the number of journals and references indexed and in the indexation system itself. 2 Thus, to evaluate the eYciency of the major bibliographic databases in the field of occupational and environmental toxicology, all the databases were searched with two toxicology topics and the results of the databases alone and in various combinations were compared. Furthermore, we determined the optimal combination of databases to achieve the best compromise between an exhaustive search and searcher's time.
Methods
In October and November 1996 we searched databases on two diVerent subjects: mesothelioma and abestos (search A), and allergy to latex (search B). For MEDLINE and EM-BASE, we used keywords from their thesauruses (respectively medical subject headings (MeSH) and Emtree)-that is, asbestos and mesothelioma on the one hand, and hypersensitivity and latex on the other. For BIOSIS, TOXLINE, and NIOSH-TIC which do not have a thesaurus, the keywords used were asbestos and mesothelioma for one search, and hypersensitivity, allergy, and latex for the other. The keywords were searched as textwords (abstract plus title plus keyword fields), and they were combined with the Boolean expressions, according to the recommendations of the National Library of Medicine in USA (NLM, Bethesda, MD, USA), available on NLM's website (URL: http://www4.ncbi.nlm.nih.gov/ PubMed/syntax.html/).
Textwords were combined with the Boolean operator "Or" for hypersensititvity Or allergy, which found all the references containing the word hypersensititvity plus all those containing the word allergy, and the Boolean operator "And" for hypersensitivity Or allergy And latex and asbestos And mesothelioma. This permitted the selection of only the references which contained, for example, the word asbestos and the word mesothelioma. All the records were classified by journal and author's name. Then, we verified whether or not the records were indexed in each database.
STATISTICAL ANALYSIS
Statistical analysis was performed using 2 test for the significance of the diVerences between databases or combinations (paired cases). Differences were considered significant at =0.05. Table 1 shows the results. We found 777 diVerent records in 510 issues. This amount of references was estimated to be the whole published literature on the topics studied during 1994 and 1995. The numbers of records provided by each database or combination of databases were compared with this total. Each database provided between 11% (NIOSH-TIC) and 63% (MEDLINE) of the total of records for one of the two topics studied. The combination of two databases provided between 42% and 86% of the total records (EMBASE plus TOXLINE on search A) and the combination of three databases provided between 68% and 96% (EMBASE plus MEDLINE plus BIOSIS on search A).
Results
The grading of the "best" databases or combination was achieved with 2 test, paired cases (tables 2 and 3).
When just one database was searched, the best results were given by M, E, or T (diVerence not significant) for search A and by T or E for search B, followed by B in the two cases. When two databases were searched, the best results were given by EM or ET (diVerence not significant) for search A and by ET for search B, followed respectively by EB, MB, or MT for search A and by EB or TB for search B. When three databases were searched, the best results were given by EMB for search A and by ETB for search B, followed respectively by EMT or ETB (diVerence not significant) for search A and by EMB or EMT for search B.
Discussion
Grey literature was eliminated from the initial results of our study. However, databases vary widely, not only for periodicals but also for grey literature. For example, BIOSIS indexes some conference proceedings and research reports which represent nearly 35% of its records. This is counterbalanced by the fact that some conference or symposium proceedings are published in special issues or in supplements of periodicals and are therefore indexed in some databases. We chose these five databases because they were available worldwide, they contain information on toxicological issues, and they have been adopted by medical libraries.
2 DiVerent versions of these databases are available in a compact disk format and include SilverPlatter, Compact Cambridge, DIALOG OnDisc, and OVID, depending on the database. Furthermore, they cover complementary geographical zones because MEDLINE and NIOSH-TIC are more concerned with North American literature and EMBASE with European literature, whereas BIOSIS and TOXLINE are less well defined, even if their contents primarily originate from English speaking countries.
The amount of references recovered was estimated to be the whole published literature on the topics studied during 1994 and 1995, and the databases were compared with this total. Obviously, this underestimated the real amount of published literature, but we considered that this did not modify our conclusions for several reasons. Firstly, even if numerous local journals, for example in the Asian or Pacific area, are not indexed in these international databases, their availability is limited and articles published in these journals are more often than not of local or regional interest. Furthermore, if an article is innovatory or is an original contribution to knowledge, it will probably be published in an international journal, as international journals require quality articles and the authors attempt to publish in journals indexed in international databases to be quoted in bibliographies of other articles. This is the basis of the Impact Factor system. For example, we performed the same searches, with the French equivalent keywords in a French bibliographic database, INRS-B (provided by the National Institute for Research and Safety), which provided information on all aspects of occupational health and safety. Forty nine records were found (search A plus search B). Among them, 20 were found in this database only and most of them originated from an information periodical for industrial hygienists that contains small and practical articles. The other records came from a French journal, indexed since then in BIOSIS. Secondly, even if numerous local journals are not indexed in these international databases, they all index some international journals from Asia-for example, Fukuoka Igaku Zasshi (TOXLINE) or Chung Hua I Hsueh Tsa Chih Taipei (MEDLINE and TOXLINE)-or from Eastern Europe-for example Polski Tygodnik Lekarski (MEDLINE et TOXLINE), or the International Journal of Occupational Medicine and Environmental Health (MEDLINE, NIOSH-TIC). Thus, this contributes to a satisfactory geographical coverage. Thirdly, we considered our search to be exhaustive also because of the retrieval process. Searching in textwords permits a maximum reference retrieval, even if it increases the risk of obtaining irrelevant information. This was not a problem in our study as its purpose was to carry out an exhaustive research.
We chose years 1994 and 1995 to avoid basing our judgment on indexation delay. In some databases, this delay, between the time an article is published and its indexation, can be several months, which depends on the database and the journal concerned.
The comparisons of the results of each search in the databases showed important variations between databases, and, within a database, between two topics, and between two different years. These discrepancies were due to several factors.
The first factor is that databases do not index the same journals, and even if the most important international journals, for example Lancet, Occupational and Environmental Medicine, or the American Journal of Industrial Medicine, are indexed in the five databases studied, numerous journals are indexed in just one database. For example, the journal Immunology and Allergy Clinics of North America is not indexed in MEDLINE, whereas EMBASE indexed 12 articles from this journal on the topic of search B, which contributed to the poor results of MEDLINE on this subject compared with EMBASE. This factor partly explains the diVerences between databases or combinations.
Secondly, some journals are entirely and some are just partly indexed in the databasesthat is, some articles in an issue can be indexed whereas some will not be indexed in a database. The journals partly indexed are diVerent between databases. Thus, databases sometimes index the same journals, but not the same articles in an issue of these journals. For example, Annals of Occupational Hygiene was indexed in the five databases, but, in Vol 39, number 5, the article by Brown et al (p 705-13) was indexed just in EMBASE, the article by Hirst et al (p 623-32) was indexed in TOXLINE and BIOSIS, and the article by Rodelsperger and Woitowitz (p 715-25) was indexed in the five databases. This contributes to the diVerences in results between databases.
Thirdly, indexation of special issues or supplements of periodicals reporting conference or symposium proceedings is diVerent between the databases. For example, number 93 (1 Part 2) of the Journal of Allergy and Clinical Immunology reports the 50th Annual Meeting of the American Academy of Allergy and Immunology. Even if this journal is usually indexed by EMBASE, MEDLINE, TOXLINE, BIOSIS, and NIOSH-TIC, this issue only appeared in TOXLINE, BIOSIS, and NIOSH-TIC. Furthermore, according to search B, 40 articles in this issue were indexed in BIOSIS, 23 in TOXLINE, and just one in NIOSH-TIC. This contributes to the diVerences in results between databases, but also within a database, between two years or two topics. For example MEDLINE provided 63% (199) of the total references of search A, and only 37% (173) on search B. This diVerence in results was due to the omission of indexation of the issue of the Journal of Allergy and Clinical Immunology already mentioned. Another example is that, for NIOSH-TIC, performances in search A were diVerent between 1994 (25%) and 1995 (16%). This was due to the indexation of the journal Annals of Occupational Hygiene, volume 38, number 4, which reports a workshop on the topic (Workshop on Health Risks Associated with Chrysotile Asbestos, Jersey, Channel Islands, 14-17 November 1993). Fourteen articles out of the 26 papers in this issue which were about this workshop were indexed in NIOSH-TIC from this issue. On the other hand, there was no special issue indexed in this database in 1995, which contributes to the diVerence in results.
Fourthly, diVerent databases use diVerent keyword systems-for example the NLM's medical subject headings, and apply them according to diVerent principles. 3 Thus, an article may be indexed in several databases but be retrieved only in one of the databases according to the keywords used in the search and those used by the indexers of the database. This factor was not a problem in our study as we chose only the keywords which gave the highest number of results on each topic. Furthermore, we searched in textword-that is, in titles, abstracts, and keywords used for indexation-which permits the maximun recoverage. Searching by textword can also supplement a search by keywords from the thesaurus, especially when the search gives no articles, or too few. 4 Nevertheless, this factor must be taken into consideration when a bibliographic search is carried out, particularly when textwords or keywords diVerent from those of the thesaurus are used. This is why it is always advisable to use the keywords provided by the thesauruses of the databases (when they exist). When the thesauruses are hierarchical (in MEDLINE, EMBASE, and TOXLINE), it is often of interest to use the "explode" function as it provides more references because it recovers all the references including the term searched and all the terms which are more specific. 4 For example, in the MeSH, exploding the term asbestos will select the references including the terms asbestos, amphiboles, amosite, crocidolite, and serpentine.
With the reservations already mentioned, we can try drawing up optimal retrieval strategies, based on the two searches achieved. It seems that when just one database is searched, TOX-LINE is probably the most interesting for it provides the highest percentage of records among the total available literature in the field of occupational and environmental toxicology, which is in agreement with the structure and origin of this database. Nevertheless, the diVerences in results between TOXLINE and EMBASE were not found to be significant. BIOSIS and MEDLINE came in second position. More exhaustive results can be performed when combining two databases as we can obtain more than 80% of the total available literature. Moreover, the combination of two databases limited the risks of not recovering a special issue of a journal dealing with the subject of our search, and reduced the eVects of the diVerences in keyword systems between databases, and thus limited the risk of missed information. The ideal combination seems to be TOXLINE plus EMBASE, which also permits a satisfactory coverage of European publications. The results given by this combination were statistically better than those given by the other combinations of two databases. It is diYcult to assert whether the best eYciency of these combination in this study was likely to be relevant to other topics in occupational and environmental toxicology because of the small sample of topics and years covered. Nevertheless, in this study, the results between search A and search B were concordant. Furthermore, when searching for adverse drug reactions, Biarez et al have also shown that the combination of TOXLINE plus EMBASE is useful. 5 The combination of TOXLINE, EMBASE, and BIOSIS or EMBASE, MEDLINE, and BIOSIS provide >90% of the available literature. The first combination gave statistically better results in search B and the second in search A.
At present, >80 000 periodicals exist in the world, 6 some dealing with occupational and environmental toxicology. 7 As we are confronted with this considerable amount of information, it is of major importance to have reliable and eYcient information retrieval systems at our disposal. Bibliographic databases meet this requirement provided we know their limits. Thus, it is not advisable to assert that a bibliography is complete when only one database is searched. Furthermore, the eYciency of the databases may be quite diVerent and it is important to choose the ones that are best suited to the subject of the study and to combine two or three databases to achieve the best compromise solution between the time taken to search on the one hand and eYciency and quality of the search on the other. When cost is not taken into consideration, 8 the best solution is a multibase search, which can be achieved through DIMDI, DIALOG, or DATA STAR.
